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Abstract
Background: This study examined trends in body mass index (BMI), waist circumference (WC), and childhood
overweight and obesity prevalence between 1998–2001 and 2010–2012 according to household income and
urbanity among nationally representative Korean children and adolescents aged 10-19.
Methods: The repeated cross-sectional data from Korean National Health and Nutrition Examination Surveys in
1998-2001 and 2010-2012 were used. Gender specific trends in age-adjusted means of WC and BMI by household
equivalized income and urbanity were compared between years. The age-standardized prevalence of childhood
overweight and obesity was calculated using three international criteria (International Obesity Task Force, World
Health Organization, US Centers for Disease Control and Prevention) and a Korean national reference standard.
Results: Among boys, overall BMI and overweight prevalence increased between 1998–2001 and 2010–2012, while
overall WC decreased. Clear gender differences were found in the relationship of childhood obesity metrics with
household income and urbanity and the time trends of those relationships. Positive relationships between these
parameters were found for boys while negative relationships appeared for girls. In addition, compared with the childhood
obesity prevalence among boys in rural areas, the prevalence among boys in urban areas were slightly lower in 1998–2001
but became greater in 2010–2012.
Conclusions: This study revealed gender difference in the association of childhood obesity with household income and
urbanity and its time trends. The long-term gender-specific monitoring of socioeconomic and urban-rural differences in
childhood obesity measures is warranted in South Korea.
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Background
Childhood obesity is associated with increased risks of pre-
mature mortality and cardiovascular morbidity in adult-
hood [1, 2]. Encouragingly, recent studies, especially from
developed countries, have reported stabilization or
declining trends in childhood obesity prevalence [3].
However, these stabilizations or reductions in child-
hood obesity might be unequally distributed across
sub-populations with different socioeconomic positions
(SEP) and/or in different geographical regions. Prior
studies from Australia and England have shown that
individuals with higher SEP showed stabilized or de-
clining trends in childhood obesity, while those with
lower SEP showed increasing trends [4, 5]. Major cities
in the Netherlands and Switzerland showed stabilized
or decreased childhood overweight prevalence over re-
cent decades, whereas other smaller cities and rural
areas showed increasing prevalence [6, 7]. Information
on time trends in childhood obesity measures according
to SEP and geographic regions (e.g., urban vs. rural areas)
may indicate priority groups for intervention.
* Correspondence: yhkhang@snu.ac.kr
1Institute of Health Policy and Management, Seoul National University
Medical Research Center, Seoul, South Korea
2Department of Health Policy and Management, Seoul National University
College of Medicine, 103 Daehak-ro, Jongno-gu, Seoul 110-799, South Korea
© 2016 Bahk and Khang. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Bahk and Khang BMC Public Health  (2016) 16:18 
DOI 10.1186/s12889-015-2616-2
Body mass index (BMI) has been commonly used to
define childhood overweight and obesity [8], but waist
circumference (WC) is an important index of central
adiposity in childhood as well [9]. BMI and WC may
have similar abilities in predicting future cardiometabolic
risk profiles [10]. However, it is unclear if childhood
BMI and WC show the same secular trends. Moreover,
to the best of our knowledge, no studies have examined
the time trends of both childhood obesity and central
adiposity according to SEP and urbanity.
In South Korea (hereafter ‘Korea’), the prevalence of
overweight and obesity among children and adolescents
has stabilized since the early 2000s [11]. It is unclear
whether time trends in childhood overweight and obesity
and central adiposity differ according to SEP and urbanity.
To answer this question, we explored changes in BMI,
WC, and the prevalence of childhood overweight and
obesity according to household income and urbanity
between 1998–2001 and 2010–2012, using repeated
cross-sectional nationally representative samples of 6016
Korean children and adolescents aged 10–19.
Methods
Study subjects
Data were derived from the first (1998), second (2001),
and fifth (2010–12) waves of the Korean National Health
and Nutrition Examination Survey (K-NHANES). The
K-NHANES microdata are publicly available through the
official website of KNHANES (http://knhanes.cdc.go.kr).
We combined the first and second wave data from 1998
and 2001 to obtain a value representative of the situation
circa 2000. K-NHANES was a repeated cross-sectional sur-
vey on a representative national sample which was based
on multi-stage clustered probability samples from Korean
households representing the civilian non-institutionalized
population [12]. The response rates for K-NHANES were
86.5 % in 1998, 77.3 % in 2001, and 76.5 % in 2010–2012.
Additional details of K-NHANES are described elsewhere
[12, 13]. Data from 6016 participants (3110 boys and
2906 girls) aged 10–19 (3175 in 1998–2001 and 2841 in
2010–12) were analyzed, after excluding 376 individuals
without anthropomorphic data or information on house-
hold income and urbanity. The Institutional Review Board
of the Seoul National University Hospital, Seoul, Korea,
approved this study.
Household income and urbanity
Information on household income was obtained with
questions on monthly and annual income. A question
on monthly income was used in 1998 and 2001 while
questions on both annual and monthly income were
employed in 2010–2012. Household income was adjusted
for family size (gross household income divided by the
square root of the number of household members) and
then classified into 3 categories (low, middle, and high) ac-
cording to tertile distributions in each year. Residential
areas were categorized into urban and rural areas, using
the administrative classification of the Ministry of Public
Administration and Security in South Korea. The basic
administrative unit, dong in Korean, from major metro-
politan cities and small- and medium-sized cities was
considered as urban areas while other basic administra-
tive units, eup and myon in Korean, were considered as
rural areas.
Anthropometric measurement
The anthropometric measures included height, weight,
and WC. Measurements were conducted with the same
protocols and anthropometric measurement instruments
for all waves of K-NHANES [13]. Body weight was mea-
sured to the nearest 0.1 kg on a calibrated balance-beam
scale while the participants wore a lightweight gown or
underwear. Height was measured in the upright position
to the nearest 0.1 cm using a stadiometer. WC was mea-
sured to the nearest 0.1 cm with measurement tape
placed horizontal to the floor without indenting the skin.
BMI was calculated as weight (kg) divided by squared
height (m2). BMI Z-scores were obtained using the
method recommended by the US Centers for Disease
Control and Prevention (US CDC) [14].
Criteria for childhood overweight and obesity
In most of this study, we used two different criteria for
childhood overweight and obesity based on BMI mea-
surements: the International Obesity Task Force (IOTF)
criteria and the Korea Centers for Disease Control and
Prevention (KCDC) criteria. In the additional files (see
Additional file 1: Table S1 and Additional file 2: Table S2),
we also presented results using the US CDC and World
Health Organization (WHO) criteria for childhood over-
weight and obesity. The IOTF criterion was adapted based
on the extrapolation of adult BMI cut-off points for over-
weight (25 kg/m2) and obesity (30 kg/m2) from children
living in six countries. We used the IOTF cut-offs at age
18, while for the age of 19, we used the same cut-offs as
for adults (overweight ≥ 25 kg/m2 and obesity ≥ 30 kg/m2),
because specific BMI cut-offs for the age of 19 do not
exist in the IOTF criteria [15]. The KCDC criteria also
employed age- and gender-specific BMI values and de-
fined the 85th percentile as the cut-off for “overweight”
and the 95th percentile as the cut-off for “obesity” [16].
A prior Korean study employed these four criteria and
found similar time trends of childhood obesity preva-
lence between criteria [11]. In this study, we employed
the four criteria and examined any differences by
criteria in the relationship of childhood obesity mea-
sures with household income and urbanity and its
time trends.
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Statistical analysis
Using the R statistical programming language, we created
figures for BMI Z-score distributions according to house-
hold income and urbanity by survey year and sex using its
smoothing function. Using SAS version 9.3 (SAS Institute,
Cary, NC, USA), we analyzed gender-specific changes in
the age-adjusted least square mean (± standard error) of
BMI and WC according to household income and ur-
banity, using regression analysis (PROC SURVEYREG
in SAS) after taking into account sample weights for
K-NHANES. To analyze changes in the age-adjusted
prevalence (95 % confidence intervals [CI]) of child-
hood overweight and obesity, we employed the direct
standardization method using the 2010 Korean Census
population as the standard population. Sample weights
were also taken into account in this standardization. In
this study, the prevalence of overweight includes the
prevalence of obesity. We used logistic regression ana-
lyses (PROC SURVEYLOGISTIC in SAS) to estimate P
values for between-group differences (household in-
come groups and urban-rural areas) and time trends
between 1998–2001 and 2010–2012. We also exam-
ined changes in the magnitude of prevalence difference
(absolute difference) in childhood obesity and over-
weight by computing the P values of the interactions
between time period and household income (year*house-
hold income) and between time period and urbanity
(year*urbanity), using a log-binomial regression with
PROC GENMOD in the SAS statistical software [17].
When the binomial model of the changes in preva-
lence difference failed to converge (i.e., changes in the
prevalence difference by urbanity in boys according to
the IOTF criteria), the modified Poisson approach was
used [17].
Results
Table 1 shows the distribution of study subjects according
to household income and urbanity. The proportion of
subjects living in rural areas decreased by about 11 per-
centage points among both boys and girls between
1998–2001 and 2010–2012 (Table 1).
Changes in body mass index Z-scores by household
income and urbanity
Figure 1 presents changes in the distribution of BMI
Z-scores among boys and girls in 1998–2001 and
2010–2012 according to household income status
(high vs. low) and urbanity. In 2010–2012, a large part
of the BMI Z-score distributions were positive among
boys regardless of their household income status and
urbanity. Among boys with a low household income,
the distribution of BMI Z-scores was in the middle of
the graph (0 points in the BMI Z-score) in 1998–2001 but
widened and shifted toward the right side in 2010–2012.
Among boys with a high household income, the distribu-
tion showed no apparent widening but shifted toward the
right in 2010–2012. A similar shift toward the right was
observed for the distributions of BMI Z-scores according
to urbanity among boys. Meanwhile, among girls, no ap-
parent shift toward the right of the distribution in the
BMI Z-scores was found according to household income
status and urbanity (Fig. 1).
Trends in body mass index and waist circumferences by
household income and urbanity
Table 2 presents trends in the least square mean BMI
values among boys and girls between 1998–2001 and
2010–2012, after taking into account age distributions and
sample weight. Overall, BMI increased in boys (P for
trend = 0.0195) but plateaued in girls (P for trend =
0.3435). Among boys, the BMI increase between 1998–
2001 and 2010–2012 was statistically significant among
those with high household income and urban residency
(P for trend = 0.0175 and 0.0379, respectively), whereas
BMI values among girls have stabilized irrespective of SEP
and urbanity. Table 2 also shows gender differences in the
relationships of BMI with household income and urbanity.
Among boys, BMI was positively associated with
household income in both 1998–2001 and 2010–2012
(P values for trend = 0.0101 and 0.0017, respectively).
However, these positive relationships were not found
among girls. Rather, a negative relationship was found
between household income and BMI in girls, espe-
cially in 1998–2001 (P value = 0.0215). In addition,
boys residing in urban areas showed greater BMI
Table 1 Year- and gender-specific numbers (percentage) of
study subjects according to household income and urbanity
1998–2001 2010–2012 Total
Boys 1622 (100.0) 1488 (100.0) 3110 (100.0)
Household income
Low 531 (32.7) 473 (31.8) 1004 (32.3)
Middle 550 (33.9) 490 (32.9) 1040 (33.4)
High 541 (33.4) 525 (35.3) 1066 (34.3)
Urbanity
Rural 410 (25.3) 207 (13.9) 617 (19.8)
Urban 1212 (74.7) 1281 (86.1) 2493 (80.2)
Girls 1553 (100.0) 1353 (100.0) 2906 (100.0)
Household income
Low 518 (33.4) 476 (35.2) 994 (34.2)
Middle 528 (34.0) 457 (33.8) 985 (33.9)
High 507 (32.6) 420 (31.0) 927 (31.9)
Urbanity
Rural 399 (25.7) 202 (14.9) 601 (20.7)
Urban 1154 (74.3) 1151 (85.1) 2305 (79.3)
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values than boys with rural residences, although the
urban-rural difference was only statistically significant
in 1998–2001 (P value = 0.0087 in 1998–2001 and 0.083
in 2010–2012). Among girls, no statistical difference in
BMI according to urbanity was found (P value = 0.5636
in 1998–2001 and 0.1752 in 2010–2012) (Table 2).
Additional file 3: Table S3 also shows changes in the
BMI Z-scores over the study period by household income
and urbanity and provides generally similar findings as
Table 2 does for BMI.
Table 2 also presents trends in the least square mean
WC values among boys and girls. In contrast to the BMI
trends, WC decreased in boys (P for trend = 0.0308) and
stabilized in girls (P for trend = 0.0952) between 1998–
2001 and 2010–2012. Both boys and girls living in
urban areas showed a significantly decreasing WC
trend (P value for WC trend = 0.0385 in boys and
0.0272 in girls). Girls with low household income also
presented a significant decrease in WC (P for trends =
0.0244). The results of the analysis of the relationships
Fig. 1 Changes in the distribution of body mass index (BMI) Z-scores among boys and girls aged 10–19, according to household income status
(high vs. low) (a for boys and b for girls) and urbanity (c for boys and d for girls) between 1998–2001 and 2010–2012
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Table 2 Trends in the least square mean (± standard error) values for body mass index and waist circumference according to
household income and urbanity
1998–2001 2010–2012 P for trends* P for interaction**
Body mass index
Boys 20.42 (0.09) 20.76 (0.11) 0.0195
Household income
Low 20.09 (0.15) 20.38 (0.20) 0.2431 0.3864
Middle 20.46 (0.15) 20.73 (0.19) 0.2676
High 20.67 (0.16) 21.28 (0.20) 0.0175
P-value for trend*** 0.0101 0.0017
Urbanity
Rural 19.96 (0.18) 20.31 (0.27) 0.291 0.9616
Urban 20.52 (0.10) 20.86 (0.13) 0.0379
P-value**** 0.0087 0.083
Girls 20.01 (0.08) 20.14 (0.11) 0.3435
Household income
Low 20.34 (0.16) 20.26 (0.19) 0.7782 0.7072
Middle 19.86 (0.13) 20.17 (0.18) 0.1607
High 19.87 (0.14) 19.94 (0.18) 0.7738
P-value for trend*** 0.0215 0.188
Urbanity
Rural 20.03 (0.17) 20.47 (0.32) 0.2438 0.3532
Urban 20.00 (0.10) 20.07 (0.11) 0.6463
P-value**** 0.5636 0.1752
Waist circumference (cm)
Boys 71.59 (0.25) 70.75 (0.30) 0.0308
Household income
Low 70.93 (0.43) 69.98 (0.51) 0.1527 0.3942
Middle 71.57 (0.41) 70.37 (0.49) 0.0592
High 72.20 (0.45) 72.13 (0.56) 0.9133
P-value for trend*** 0.039 0.0053
Urbanity
Rural 70.32 (0.48) 69.69 (0.73) 0.4722 0.7682
Urban 71.87 (0.28) 70.97 (0.33) 0.0385
P-value**** 0.0071 0.1363
Girls 67.41 (0.22) 66.85 (0.26) 0.0952
Household income
Low 68.46 (0.39) 67.09 (0.46) 0.0244 0.1762
Middle 67.18 (0.36) 66.94 (0.41) 0.6587
High 66.69 (0.36) 66.41 (0.42) 0.62
P-value for trend*** 0.0007 0.2872
Urbanity
Rural 67.25 (0.42) 67.83 (0.71) 0.4802 0.122
Urban 67.44 (0.25) 66.63 (0.27) 0.0272
P-value**** 0.8649 0.0869
*P-values for time trends between 1998–2001 and 2010–2012
**P-values for the interactions between time period and household income and between time period and urbanity
***P-values for linear trends among household income groups
****P-values for between-group (urban-rural areas) differences
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of WC with household income and urbanity showed
clear gender differences. Among boys, WC increased
linearly with household income in both time intervals
(P values for trend = 0.039 in 1998–2001 and 0.0053 in
2010–2012, respectively), whereas the reverse relation-
ship appeared in girls (P values for trend = 0.0007 in
1998–2001 and 0.2872 in 2010–2012). A similar gender
difference was found for the urban-rural difference in
WC. Boys with urban residency showed greater WC
than boys with rural residency in 1998–2001 (P value =
0.0071), while the WC of girls with rural residency
tended to be greater than that of girls with urban resi-
dency in 2010–2012 (P value = 0.0869) (Table 2).
Although Table 2 and Additional file 3: Table S3 show
significant gender differences in the relationships of
BMI, WC, and BMI Z-score with household income
and urbanity, no apparent statistical time trends in the
magnitude of those relationships over the period investi-
gated were found. All P values for interactions of time
periods with household income and urbanity were > 0.05.
Trends in the prevalence of childhood obesity by
household income and urbanity
Table 3 shows trends in the age-standardized prevalence
(95 % CI) of childhood obesity between 1998–2001 and
2010–2012 using two different criteria (IOTF’s inter-
national criteria and KCDC’s local criteria). Based on the
IOTF criteria, boys with high household income and
urban residency showed significant increases in childhood
obesity prevalence between 1998–2001 and 2010–2012
(P value for trend = 0.0435 and 0.0205, respectively).
Among girls, the overall prevalence of childhood obesity
according to the IOTF criteria showed a significantly in-
creasing trend from 1.3 to 2.7 % (P for trend = 0.0141)
(Table 3).
Table 3 also presents gender differences in the rela-
tionship of childhood obesity with household income
and urbanity. A positive relationship between household
income and childhood obesity was found in boys while a
negative relationship appeared in girls. However, those
relationships between household income and childhood
obesity did not reach statistical significance. Statistically
significant relationships were found for urban-rural dif-
ferences. While boys in urban areas showed a greater
prevalence of childhood obesity than boys in rural areas
according to both IOTF and KCDC criteria in 2010–2012
(P values = 0.0197 and 0.0484, respectively), girls living in
rural areas had a greater prevalence of IOTF criteria-
based childhood obesity than girls in urban areas in
1998–2001 and 2010–2012 (P values = 0.0342 and 0.0387,
respectively) (Table 3).
Table 3 also reveals a widening gap in the prevalence of
childhood obesity, especially according to urbanity. Based
on the IOTF criteria, the absolute gap of childhood
obesity prevalence between urban and rural areas in
boys was -0.5 % (3.3 % minus 3.8 %) in 1998–2001 but
increased to 3.5 % (5.4 % minus 1.9 %) in 2010–2012
and the interaction of urbanity and time period for the
changes in the prevalence difference was statistically
significant (P for interaction = 0.0117). Based on the
KCDC criteria, the same interaction of urbanity and
time period in boys also reached statistical significance
(P for interaction = 0.0356). Meanwhile, the directionality
of this increasing gap was the opposite in girls. Based on
the IOTF criteria, the absolute gap in the prevalence of
childhood obesity between urban and rural areas in girls
was -1.6 % (1.0 % minus 2.6 %) in 1998–2001 but −6.0 %
(2.1 % minus 8.1 %) in 2010–2012. However, the inter-
action of urbanity and time period was not statistically sig-
nificant (P value for interaction = 0.3353). Analyses of
household income also produced similar results to those
of urbanity. Disparities according to household income
develop in opposite directions according to gender, but
there was no statistically significant interaction be-
tween household income and time period (Table 3). In
addition, when we conducted additional analyses using
the US CDC and WHO criteria, the findings were gen-
erally similar to the results based on IOTF and KCDC
criteria, but a significant increase in the urban-rural
gap of childhood obesity among girls according to
WHO criteria was observed (P for interaction = 0.0483)
(Additional file 1: Table S1).
Trends in the prevalence of childhood overweight by
household income and urbanity
Table 4 presents trends in the age-standardized preva-
lence (95 % CI) of childhood overweight (including
obesity) between 1998–2001 and 2010–2012 using IOTF
and KCDC criteria. Among boys, the overall overweight
prevalence significantly increased from 20.4 to 25.6 %
according to the IOTF criteria between 1998–2001 and
2010–2012 (P for trend = 0.0027). Boys in both low and
high household income groups and boys with urban resi-
dency showed significant increases in overweight preva-
lence over this period (P value for trend = 0.0145, 0.0208,
and 0.0061 respectively). Meanwhile, among girls, over-
weight prevalence stabilized during the same period and
no significant trends were noted according to household
income and urbanity (Table 4).
As in Tables 3, 4 also shows gender differences in the
relationship of childhood obesity with household in-
come and urbanity. Childhood overweight was posi-
tively related with household income in boys (P value
for trend = 0.0263 in 1998–2001 and 0.0701 in 2010–2012),
whereas negative associations between household income
and overweight were found among girls (P value for
trend = 0.0434 in 1998–2001 and 0.0355 in 2010–2012).
Boys in urban areas showed a greater overweight
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prevalence than boys in rural areas according to both
IOTF and KCDC criteria in 1998–2001 and 2010–2012.
Meanwhile, more girls living in rural areas tended to be
overweight than girls in urban areas, especially in
2010–2012 (Table 4). However, these relationships be-
tween urbanity and childhood overweight were not statis-
tically significant except for boys in 1998–2001. Analyses
based on the USCDC and WHO criteria showed the
same patterns of difference by gender (Additional file 2:
Table S2).
Table 4 presents a tendency for childhood overweight dif-
ferentials according to urbanity to widen, as seen in Table 3.
The absolute gap of overweight prevalence between urban
and rural areas in boys increased by 1.1 percentage points
between 1998–2001 and 2010–2012 (5.5 % in 1998–2001
and 6.6 % in 2010–2012) based on the IOTF criteria, and
increased by 1.8 percentage points (3.8 % in 1998–2001
and 5.6 % in 2010–2012) based on the KCDC criteria.
Meanwhile, the absolute gap of childhood overweight
prevalence between urban and rural areas in girls tended to
increase, but the directionality of this trend was opposite to
that in boys. Based on the IOTF criteria, the absolute gap
in the prevalence of childhood obesity between urban and
rural areas in girls was 0.7 % (15.1 % minus 14.4 %) in
1998–2001 but widened to −5.4 % (16.3 % minus 21.7 %) in
2010–2012. This trend was also observed according to the
KCDC criteria (−0.7 % in 1998–2001 and −6.9 % in
2010–2012). However, the interaction of urbanity and
time period were not statistically significant in either
boys or girls (Table 4).
Discussion
The results of this study showed gender differences in
the relationship of childhood obesity with household in-
come and urbanity. Childhood obesity and overweight
tended to be more prevalent in boys with high house-
hold income or urban residency and in girls with low
household income or rural residency. Similar gender dif-
ferences were also found for WC and BMI Z-score.
These clear gender differences in Korea are interesting
because, in recent years, positive relationships between
adiposity measures and SEP have become uncommon,
particularly in developed countries [18]. A recent study
conducted in Poland showed similar gender differences
with respect to SEP in relation with WC and BMI [19].
Two explanations are possible. One possible explanation
Table 3 Trends in age-standardized prevalence (95 % confidence intervals) of childhood obesity according to household income
and urbanity among South Korean boys and girls aged 10–19









IOTF criteria 3.4 (2.5–4.3) 4.8 (3.5–6.1) 0.0751 IOTF criteria 1.3 (0.7–1.8) 2.7 (1.6–3.9) 0.0141
Household income Household income
Low 3.2 (1.7–4.7) 4.1 (2.3–5.9) 0.4392 0.4249 Low 2.1 (0.9–3.4) 3.6 (1.5–5.6) 0.211 0.8101
Middle 3.3 (1.9–4.8) 3.7 (1.5–5.8) 0.8356 Middle 0.8 (0.1–1.5) 2.0 (0.2–3.7) 0.2291
High 3.5 (1.9–5.1) 6.5 (3.8–9.2) 0.0435 High 1.1 (0.1–2.0) 2.2 (0.6–3.8) 0.1393
P-value for trend*** 0.9189 0.1771 P-value for trend*** 0.1519 0.245
Urbanity Urbanity
Rural 3.8 (1.8–5.7) 1.9 (0.2–3.6) 0.171 0.0117 Rural 2.6 (1.0–4.3) 8.1 (2.7–13.5) 0.1346 0.3353
Urban 3.3 (2.3–4.3) 5.4 (3.8–6.9) 0.0205 Urban 1.0 (0.4–1.5) 2.1 (1.1–3.1) 0.0536
P-value**** 0.6957 0.0197 P-value**** 0.0342 0.0387
KCDC 2007 5.2 (4.0–6.4) 6.9 (5.3–8.5) 0.1427 KCDC 2007 5.9 (4.5–7.2) 7.8 (6.0–9.6) 0.101
Household income Household income
Low 4.3 (2.5–6.0) 6.4 (3.8–8.9) 0.2611 0.6890 Low 8.6 (5.6–11.5) 9.3 (6.3–12.3) 0.7375 0.9588
Middle 4.9 (3.0–6.7) 5.4 (2.9–7.9) 0.8176 Middle 3.7 (2.1–5.4) 6.2 (3.3–9.1) 0.1703
High 6.2 (3.8–8.6) 8.7 (5.6–11.9) 0.2113 High 5.6 (3.5–7.7) 7.3 (4.3–10.2) 0.3357
P-value for trend*** 0.2758 0.2521 P-value for trend*** 0.1134 0.2516
Urbanity Urbanity
Rural 5.7 (3.3–8.1) 3.9 (1.2–6.7) 0.2371 0.0356 Rural 7.1 (4.5–9.7) 13.5 (7.2–19.8) 0.1686 0.3428
Urban 5.1 (3.8–6.4) 7.4 (5.6–9.2) 0.0526 Urban 5.6 (4.1–7.2) 7.2 (5.4–9.0) 0.2448
P-value**** 0.6814 0.0484 P-value**** 0.4082 0.1444
*P-values for time trends between 1998–2001 and 2010–2012
**P-values for the interactions between time period and household income and between time period and urbanity
***P-values for linear trends among household income groups
****P-values for between-group (urban-rural areas) differences
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is that body image perception and associated weight
control behavior differ according to gender and SEP
[20]. For example, a recent Korean study has shown that
weight misperception was more prevalent among girls
than boys (57.9 % of girls overestimated their weight)
and girls with a high SEP were more likely to overesti-
mate their weight status [21]. Meanwhile, weight misper-
ception might have been less influential in explaining
weight control behaviors in Korean boys unlike in
Korean girls. For example, Korean girls were more likely
to engage in weight control behaviors for weight loss
than Korean boys [22]., Korean girls were also more
likely to try various dieting practices, even including un-
healthy methods, than Korean boys [23]. In addition, an
international paper showed that, among Korean univer-
sity students, the prevalences of perceived overweight
and trying to lose weight were three times greater in
women than in men [24]. Of total 22 countries, the
prevalence of ‘trying to lose weight’ was highest in Korean
female university students [24]. Levels of calorie intake
and physical activity have been shown to differ according
to SEP [25]. Another possible explanation is that these
gender differences might have originated from earlier
childhood. In Korea, huge urban-rural inequalities have
existed. The relative disadvantage in economic develop-
ment, health behaviors, health outcomes, and health care
resources have been observed in rural area [26]. Adoles-
cents with low household income or rural residency might
have been exposed to disadvantaged socioeconomic envi-
ronments from their early childhood. A recent study
showed that developmental trajectories of BMI are estab-
lished between ages 1 and 4 years, no directional change
occurs between 4 and 10 years, and then the trajectories
persist between 10 and 18 years of age [27]. Moreover, the
impact of the early childhood socioeconomic environment
on later obesity and associated etiologically relevant pe-
riods may differ by gender [28, 29]. Prior studies from
France and the Netherlands showed strong associations of
early life social disadvantages with adulthood obesity in
women but not in men [28, 29]. Residual associations
Table 4 Trends in age-standardized prevalence (95 % confidence intervals) of childhood overweight according to household
income and urbanity among South Korean boys and girls aged 10–19









IOTF criteria 20.4 (18.3–22.5) 25.6 (22.9–28.3) 0.0027 IOTF criteria 15.0 (13.1–17.0) 16.7 (14.3–19.1) 0.3184
Household income Household income
Low 16.4 (13.0–19.7) 23.7 (19.3–28.1) 0.0145 0.9315 Low 18.7 (14.9–22.6) 19.8 (15.7–23.9) 0.6558 0.9977
Middle 21.7 (18.0–25.3) 24.4 (19.9–28.9) 0.4186 Middle 13.5 (10.4–16.6) 15.8 (11.5–20.1) 0.6519
High 22.2 (18.5–25.9) 29.4 (24.7–34.1) 0.0208 High 13.3 (10.3–16.2) 13.9 (9.9–17.9) 0.8108
P-value for
trend***




Rural 15.9 (12.1–19.7) 20.1 (14.5–25.8) 0.2276 0.7877 Rural 14.4 (10.9–17.9) 21.7 (14.6–28.8) 0.1915 0.2495
Urban 21.4 (19.0–23.8) 26.7 (23.8–29.6) 0.0061 Urban 15.1 (12.9–17.3) 16.3 (13.7–18.9) 0.6156
P-value**** 0.0186 0.0743 P-value**** 0.7173 0.3666
KCDC 2007 15.2 (13.3–17.2) 18.5 (16.1–20.9) 0.0514 KCDC 2007 16.9 (14.9–18.9) 18.2 (15.7–20.8) 0.4672
Household income Household income
Low 13.7 (10.6–16.9) 17.4 (13.4–21.4) 0.2613 0.4813 Low 21.4 (17.5–25.4) 20.9 (16.7–25.1) 0.9034 0.6819
Middle 14.8 (11.6–18.0) 15.6 (11.7–19.5) 0.7925 Middle 15.9 (12.6–19.2) 18.3 (13.6–22.9) 0.6741
High 16.7 (13.3–20.1) 22.9 (18.5–27.3) 0.0345 High 13.8 (10.7–16.8) 14.9 (10.8–19.0) 0.6374
P-value for
trend***




Rural 12.1 (8.6–15.6) 13.8 (8.7–18.8) 0.6597 0.5495 Rural 17.5 (13.6–21.3) 24.5 (17.3–31.7) 0.301 0.3593
Urban 15.9 (13.7–18.1) 19.4 (16.7–22.0) 0.0571 Urban 16.8 (14.5–19.0) 17.6 (14.9–20.3) 0.7501
P-value**** 0.0619 0.0673 P-value**** 0.7772 0.2463
*P-values for time trends between 1998–2001 and 2010–2012
**P-values for the interactions between time period and household income and between time period and urbanity
***P-values for linear trends among household income groups
****P-values for between-group (urban-rural areas) differences
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between early childhood SEP and obesity measures were
evident in women not in men [30]. In this regard, studies
examining the relationship between SEP and obesity in
earlier childhood (i.e., ages 1 and 10 years) are warranted
to explain gender difference patterns in Korean children
and adolescents.
Results of this study showed different time trends in
childhood overweight and obesity by household income
and urbanity. Prior studies from England, France, and
Sweden demonstrating increasing socioeconomic in-
equalities in childhood obesity and overweight have in-
dicated differences in the time trends of childhood
obesity according to individual SEP [4, 31, 32]. Other
studies from the Netherlands and Switzerland have
shown different time trends of childhood overweight by
the size of cities [6, 7]. These studies showed stabilized
or decreasing trends in childhood obesity among high
SEP groups and major cities but increasing trends among
low SEP groups and smaller cities [4, 6, 7, 31, 32]. These
results from other countries seem to show opposite results
among boys regarding widening disparities according to
SEP and urbanity. It is difficult to fully understand the
mechanisms of the differently widening disparities in
childhood obesity inequalities among Korean boys, but we
suppose that these findings in Korean boys may have re-
sulted from the abovementioned gender differences in
body perception and early childhood factors. Among
South Korean girls aged 10–19, early childhood socioeco-
nomic disadvantages, which would be a strong predictor
of low household income and rural residency, might be as-
sociated with adolescent obesity, as prior studies from
other countries suggested [28, 29]. However, this would
not be the case for South Korean boys. For example,
gradual secular increases in the energy intake from fat
and associated westernized dietary patterns were ob-
served from 1998 to 2005 among Korean adolescents
aged 10–19 years [33]. Meanwhile, the westernized
dietary pattern and the percentage of energy from fat
were positively associated with abdominal obesity and
overweight only in Korean boys [33]. In addition, rural
boys were more likely to prefer thin body shapes than
urban boys, whereas urban girls reported a stronger
preference to a skinny body than rural girls [34]. In this
regard, the overall increases in obesity and overweight
in Korean adolescents might be partly attributable to
high calories intake, but the gender differences in socio-
economic obesity inequalities might be explained by
different effects of body image preferences and early
childhood factors among boys and girls.
One interesting result of this study is that the time trends
for BMI and WC between 1998–2001 and 2010–2012
were opposite, especially among boys. Boys’ overall BMI
and overweight prevalence increased between 1998–2001
and 2010–2012, while overall WC decreased. One possible
explanation is that the increased ‘body mass’ was not adi-
pose mass, but rather lean mass [35]. Considering that
overall body weight and height have also increased between
1998–2001 and 2010–2012 among boys (see Additional
file 3: Table S3), these results might indicate that
Korean boys became larger without increases in central
adiposity.
One of the strengths of this study is that it was based
on nationally representative data containing consistent
anthropometric measurements of height, weight, and
WC, which were determined from examinations using
the same protocols and instruments from samples of
10– to 19-year-old Korean children and adolescents.
Moreover, to the best of our knowledge, this is one of
the first studies to explore socioeconomic differentials in
obesity trends using both BMI-based measures and WC.
Furthermore, we used both international (IOTF, US
CDC, and WHO) and local (KCDC) criteria for the
prevalence of childhood overweight (including obesity)
and obesity. By doing so, we were able to compare
trends in total body mass distribution and abdominal
adiposity at a given time.
However, this study also has some limitations. Since
the sample size for rural areas, especially in 2010–2012,
was small, the results for rural areas showed relatively
large standard errors and CIs. We think it is likely that it
was for this reason that the time trends between 1998–
2001 and 2010–2012 in rural areas generally were not
significant in most analyses. To confirm this, further
studies with large sample sizes should be conducted in
the future. In addition, another limitation of this study is
that we only used household income as a SEP measure.
Several studies suggested that stronger associations were
noted between SEP and childhood obesity according to
parental education level or occupational social class than
according to household income [36, 37]. Studies using
other childhood SEP measures, such as maternal educa-
tion or parental occupational position, are warranted in
the future.
Conclusions
We examined trends in childhood overweight, obesity,
BMI, and WC in nationally representative samples of South
Korean children and adolescents aged 10–19 between
1998–2001 and 2010–2012, according to household
equivalized income and urbanity. The results indicate
that clear gender differences existed among Korean
children and adolescents regarding the socioeconomic
patterning of childhood obesity. Opposite time trends
in socioeconomic disparities in childhood obesity according
to gender were also observed. Gender differences in body
perception and the role of early childhood factors might be
a possible explanation for some of these trends. The
prevalence of obesity among Korean children and
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adolescents was not as high as the prevalence found in
other developed countries [38]. However, considering
the widening absolute gap in childhood overweight and
obesity prevalence between urban and rural areas and
between high and low SEP groups, the long-term moni-
toring of socioeconomic patterning in childhood over-
weight and obesity along with effective policies for
narrowing socioeconomic disparities in childhood over-
weight and obesity are needed.
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